Purpose: To develop and validate a new clinical screening tool to identify primary osteoporosis by dual-energy X-ray absorptiometry (DXA) in two elderly Han Chinese male populations. Methods: A cross-sectional study was conducted, enrolling 1,870 community-dwelling and 574 hospital-checkup elderly Han Chinese males aged $50 years. All subjects completed a structured questionnaire and had their bone mineral density (BMD) measured using DXA. Using logistic regression analysis in the 1,870 community-dwelling males, we assessed the ability of numerous potential clinical risk factors to identify male with osteoporosis. Multiple variable regression analysis and item reduction yielded a final tool named the Beijing Friendship Hospital Osteoporosis Self-assessment Tool for Elderly Male (BFH-OSTM). Receiver operating characteristic (ROC) curve was generated to compare the validation of the BFH-OSTM and Osteoporosis Self-assessment Tool for Asians (OSTA) for identifying elderly male at increased the risk of primary osteoporosis in the 574 hospital-checkup males. Results: In screening the 1,870 community-dwelling subjects with DXA, 14.2% (266/1,870) had osteoporosis, and a further 51.8% (969/1,870) had osteopenia. Of the items screened in the questionnaire, weight, height and previous history of fragility fracture were predictive of osteoporosis. A final tool (BFH-OSTM) was based on body weight and fragility fracture history only. The BFH-OSTM index (cutoff =70) had a sensitivity of 85% and specificity of 53% for identifying osteoporosis according to the WHO criteria, with an area under the ROC curve of 0.763. The predictive value of BFH-OSTM was validated in the 574 hospital-checkup population, which performed better than OSTA. Conclusion: The BFH-OSTM may perform well for identifying elderly male at increased risk for osteoporosis and applying it would result in more prudent use of BMD measurement by DXA, especially for Han Chinese male.
Introduction
Osteoporosis (OP) is defined as a metabolic bone disease, characterized by low bone mass and micro architectural deterioration, which leads to increased bone fragility and a higher risk of future fractures. 1 OP represents one of the major public health problems, not only in postmenopausal women, but also in elderly male. OP in male is, generally, neglected all over the world, especially in China, despite .30% of all hip fractures occur in men and the mortality after hip fracture is significantly higher in men than in women. 2 However, a person who has developed OP is nearly impossible to restore full bone strength because of irreversible structural loss in bone microarchitecture. 3 The final purpose of OP intervention is to protect against fracture submit your manuscript | www.dovepress.com
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lin et al and refracture. It is valued to predict the risk of developing OP in elderly populations and prevent the occurrence of the first fracture. Commonly, bone mineral density (BMD) is the gold standard for diagnosing OP in clinical practice, which is measured by dual-energy X-ray absorptiometry (DXA). OP is defined by the World Health Organization (WHO) as classifying the T-score of low bone mass (T-score between -2.5 and -1) and OP (T-score #-2.5). 4 In addition, the National Osteoporosis Foundation suggests that patients should accept pharmacological treatment when they have T-scores #-2.5 in the femoral neck, hip, or lumbar spine as measured by DXA. 5 But, the high costs of BDM measurement by DXA and lack of refund may limit its widespread use for preliminary screening in primary hospitals, which makes this service narrowly available in the People's Republic of China. Therefore, matching approaches are required on demand to identify patients efficiently at risk for primary OP.
So it is necessary to obtain a better way to predict OP in the People's Republic of China. Various OP screening tools have been developed by multiple organizations, such as the Osteoporosis Self-assessment Tool for Asians (OSTA), fracture risk assessment tool (FRAX), and weight-based criterion, 6 but the fundamental invested to create these recommendations is mainly based on circular evidence. Besides, there is no recommendation created for elderly male in a Chinese population. Among these tools, OSTA, which is developed by Koh based on age and body weight, is a free and effective method to assess postmenopausal Asian women at the risk of having OP. 7 OSTA has been found to be cost-effective for postmenopausal OP in many studies. [8] [9] [10] However, the research about the validation of OSTA to identify primary OP in elderly male has seldom been published. Thus, we were motivated to develop a new screening tool for elderly Chinese male to assess the risk of DXA-determined primary OP and choose OSTA as a comparison.
The objective of this study was to develop a simple new clinical screening tool to identify primary OP in elderly male and to compare its validity with the OSTA in two elderly Han Chinese male populations.
Methods
study population
The study population included Chinese men aged $50 years consecutively recruited from three community health service centers (Fangzhuang, Tuanjiehu, and Wangzuo) from January 2014 to February 2016, and the Osteoporosis Clinic at Beijing Friendship Hospital from April 2016 to February 2017. We conducted a cross-sectional study, enrolling 1,870 community-dwelling and 574 hospitalcheckup elderly Han Chinese male aged $50 years. The inclusion and exclusion criteria were listed in Table 1 . Subjects with painful fragility fracture and abnormal biochemistry, including tests for renal and liver function, as well as serum levels of phosphate, total alkaline phosphatase, calcium, and thyroid-stimulating hormone, were also excluded. The study was approved by the Ethics Committee of Beijing Friendship Hospital, Capital Medical University and all subjects had signed the informed consent.
BMD measurements and data obtained via questionnaire
The community-dwelling men came to the hospital for BMD measurements inconveniently, so they were invited to the mobile vehicle with DXA machine (Discovery Wi, QDR series, Hologic, Waltham, MA, USA) for BMD measurements of the hip and spine. The hospital-checkup males came to the Osteoporosis Clinic at Beijing Friendship Hospital for BMD measurements assessed by Hologic Discovery QDR Wi densitometer (Hologic Inc.), and all subjects were required to fill in a questionnaire by a trained interviewer to provide information regarding demographic variables and clinical risk factors for OP using a structured table. We set these potential risk factors in the questionnaire were identified from previous researches. 11, 12 These factors included age, height, weight, BMI, previous fracture, current smoking, consumption of three of more alcoholic drinks per day, glucocorticoids, rheumatoid arthritis, and parent fractured hip history. Height was measured with a stadiometer (Mahr GmbH, Gottingen, Germany). Weight was measured using an electronic balance scale (Tanita, Tokyo, Japan), with the subjects in lightweight indoor clothing and without shoes. 
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The technologist, who conducted all DXA scans, daily performed a quality assurance scan to standardize measurements. The in vivo short-term reproducibility values for the measurement of BMDs were all lower than 1% at different sites. The mean values from young Chinese men 13 were used to calculate the T-scores as reference: L1-L4, 1.017±0.117 g/cm 2 ; femoral neck 0.909±0.116 g/cm 2 ; and total hip 0.993±0.121 g/cm 2 . According to the WHO criteria, diagnosis of OP was determined by a BMD T-score of #-2.5 SDs at any site of L1-L4, femoral neck, or total hip sites.
OsTA score
OSTA was calculated based on age and body weight, using the following formula:
7 (Body weight [kg] -age [years]) ×0.2. As introduced in the original research, the decimal digits were then disregarded. For example, a 65-year-old man whose body weight was 62 kg would have an OSTA index of: (62-65) ×0.2=-0.6. The decimal digit (0.6) was then disregarded, and the man would have an OSTA index of 0.
statistical analysis
Descriptive statistical analysis was used to characterize the demographic distribution of the subject. Measurement data distribution was described in mean ± SD (χ -± s) form. Constituent ratio was used for count data. Each risk factor was assessed as a predictor in univariate analysis. All statistical tests were two-sided. The statistical model was developed based on different statistically significant variables. The screening tool model was created by way of logistic regression analysis, using SPSS 19.0 (SPSS Inc., Chicago, IL, USA). The regression coefficients for age and height were stratified by increments of 10 years and 1 m, respectively. Smoking was answered "yes" or "no" depending on whether the subject currently smoked tobacco. Alcohol consumption was scored "yes" if the subject took three or more units of alcohol daily. A drink of alcohol varies slightly in different countries from 8 to 10 g of alcohol. This equaled to a standard glass of beer (285 mL), a single measure of spirits (30 mL), a medium-sized glass of wine (120 mL), or 1 measure of an aperitif (60 mL). A previous fracture meant any fracture after the age of 45 years with or without low-energy trauma history. Statistical weights used in calculating the index were based on the regression coefficient in ultimate model. To calculate the index for each person, the statistical weight for enumeration data was multiplied by the patient's response (no =0, yes =1) and added to the total.
The comparison of the new screening tool with OSTA for identifying OP was assessed through receiver operating characteristic (ROC) curve analysis, which plots sensitivity against (1 -specificity). The prognostic value of the tools was identified according to the area under the ROC curve (AUC) as follows: non-predictive (AUC ,0.5), less predictive (0.5, AUC ,0.7), moderately predictive (0.7, AUC ,0.9), highly predictive (0.9, AUC ,1), and perfect prediction (AUC =1). AUC values .0.75 were, generally, considered to indicate good performance. 14, 15 The ROC curve was constructed, and AUC and its 95% confidence interval (CI) were estimated using MedCalc v11.5.0.0 software (MedCalc Software, Ostend, Belgium). A P-value ,0.05 was considered statistically significant.
Construction of the final model
The differences of risk factors between OP and health groups in experiment samples for each variable were shown in Table 2 . The final multivariate regression model included the following variables: age, height, weight, parent history of fractured hip, current smoking, alcohol consumption $30 g/d, and history of fracture after the age of 45 years. It was worth mentioning that BMI was not selected in the derivation of the final model. Because BMI used the combination of height and weight, it was inaccurate to take both height and weight and BMI into the construction of the index. Besides, height yielding a standard error of 0.772 was not included in the final model. Hence, the multivariate regression model included height and weight instead of BMI.
Multiple variable models were constructed starting with all variables, and then removing individual variables one at Table 3 .
Excluding age, height, current smoking, alcohol consumption $30 g/d, and parent history of fractured hip, only weight and history of previous fracture were selected in the ultimate model based on standard error. According to this analysis, the model was finally calculated using the following formula: (Body weight [kg] -history of previous fracture [no =0, yes =1] ×7). For example, a man whose body weight was 66 kg with a previous fracture would have an index of: 66-1×7=59. The optimal cutoff diagnostic index value of 70 yielded a sensitivity of 84.96% and specificity of 53.49%. This value was chosen by optimizing sensitivity and specificity together in a single curve, as shown in Figure 1 . The new model had been named the Beijing Friendship Hospital Osteoporosis Self-assessment Tool for Elderly Male (BFH-OSTM).
Results
study population
A total of 1,923 potentially eligible community-dwelling healthy men and 589 hospital-checkup men in Beijing were considered for participation in this study. Patients with a history of having taken antiresorptive medications or glucocorticoids, evidence of rheumatoid arthritis, a history or evidence of metabolic bone disease, or a painful hip fracture were excluded. Fifty-three and fifteen subjects were excluded in community-dwelling and hospital-checkup populations, respectively. More detailed exclusion criteria were shown in Table 1 . The men comprised 1,870 communitydwelling (experiment samples) and 574 hospital-checkup (validation samples) individuals who were eligible for the analysis. All subjects conformed to the following inclusion criteria: aged $50 years; Han Chinese nationality; residing in Beijing $20 years; willing to participate in the study, and able to read the informed consent form. The descriptive characteristics obtained from the experiment samples (n=1,870) were listed in Table 4 . The prevalence of OP (14.2%) and osteopenia (51.8%) was high in the studied population. Between the community-dwelling and hospitalcheckup populations, there were no significant differences in age, height, weight, and BMI. Men in the hospital-checkup population underwent similar prevalence of OP (13.9%) and osteopenia (51.5%) with those in the community-dwelling population (P.0.05).
evaluation and comparison of BFh-OsTM and OsTA
As shown in Figure 1 , the AUC curve for the BFH-OSTM of estimating OP was 0.763 with the optimal cutoff value of 70. The value, at which the curves of sensitivity and specificity crossed, achieved a sensitivity of 84.96% and a specificity of 53.49% in the community-dwelling population. Figure 2 showed the comparison of ROC curves between OSTA and BFH-OST in the hospital-checkup population. AUC relating OSTA to OP was 0.732 (95% CI: 0.693-0.767, Z =8.886, P,0.001) with the optimal cutoff (OSTA =-1). The BFH-OSTM index (cutoff =70), which performed better than OSTA (P=0.0063), had a sensitivity of 89.92% and a specificity of 48.57% for identifying OP according to the WHO criteria. It should be noted that the optimal BFH-OSTM cutoff value to identify OP in the hospital-checkup population was 68 yielding a sensitivity of 79.83% and specificity of 62.20% with an AUC curve of 0.795 (95% CI: 0.760-0.828, Z =13.515, P,0.001).
Discussion
OP is a chronic, progressive systemic skeletal disease with susceptibility to fracture. It has been widely recognized that OP and its consequent fracture are associated with increased morbidity, mortality, and social service expenditures. Fractures after the age of 45 years; subjects answered either yes or no. b subjects answered either yes or no depending on whether the patient currently smoked tobacco. c subjects answered yes if the patient takes three or more drinks of alcohol daily. A drink of alcohol varies slightly in different countries from 8 to 10 g of alcohol. This is equivalent to a standard glass of beer (285 ml), a single measure of spirits (30 ml), a medium-sized glass of wine (120 ml), or 1 measure of an aperitif (60 ml). In this community-dwelling population, the prevalence of osteopenia and OP was 51.8% and 14.2%, similar with the hospital-checkup population. This high prevalence highlights the urgent need for available screening tools to recognize men at risk for fragility fractures. Male OP is largely neglected in the whole world, especially in China. The OP group in experiment samples included 266 males, they had not realized that they suffered OP until verified by DXA. In 2008, the WHO introduced the FRAX to evaluate patients' absolute risk of osteoporotic fracture. To predict an individual's 10-year probability of major osteoporotic fractures, or for hip fracture only, FRAX considers the interaction of multiple risk factors, such as age, gender, and personal and familial history. However, few studies have proven the value of FRAX for identifying OP. Hence, a simple and effective screening tool which is useful for patients as well as for physicians with limited professional experience, used as an aide for identifying OP is urgently needed.
We developed a clinical risk assessment tool for identifying DXA-determined OP in a Han Chinese population by estimating several possible risk factors. The final index was based on weight and history of fragility fracture after the 17 on community elderly male population also suggested the age may not be the most important risk factor in men compared to women for OP and related fractures in Chinese population. The data of this study was collected only from subjects recruited at a single hospital and three community health service centers and thus could not fully represent the entire demographics in China. The population structure of our study might be different from the actual demographic profile of Beijing, which could affect the generalizability of the data. It might explain why age did not appear to contribute additional information about risk. This study demonstrated that history of fracture was an important clinical risk factor for OP, which was consistent with other researches. 18, 19 It is possible that limb fixation and long-term bedridden may accelerate irreversible structural loss in bone microarchitecture. Several studies have examined the risk of a second hip fracture associated with a previous hip fracture. [20] [21] [22] It is, generally, accepted that BMI is a protective factor against OP. A study has proven that BMI is a crucial risk factor influencing the occurrence and development of OP. Every unit increase in BMI is associated with an increase of 0.0082 g/cm 2 in BMD (P,0.001). A 10-unit increase in BMI (eg, from normal BMI to obese) would result in moving an individual from an osteoporotic BMD level to a normal BMD level. 23 Our study results confirm a protective, cross-sectional association between BMI and OP.
OSTA is a simple tool for assessing postmenopausal Asian women at risk of suffering OP based on age and body weight. Recently, there is a research proves that OSTA index may be a simple and effective clinical risk assessment tool for identifying the risk of primary OP as defined by DXA at femoral neck site in Chinese elderly male. 24 In our study, OSTA performed not well to identify OP with an AUC of 0.732. We supposed that age was not a risk factor for male OP in this study, which might reduce the predictive value. In addition, our results showed that OSTA had relatively low sensitivity for estimating risk of OP, while specificity was acceptable. It is not necessary that a risk assessment tool have both high sensitivity and high specificity when the tool is free and noninvasive. Because the primary purpose of the screening tool is to identify most patients at risk, among whom BMD can then be used to obtain a definite diagnosis. Therefore, a screening tool with higher sensitivity than OSTA for identifying OP is desirable.
BFH-OSTM has higher sensitivity and lower specificity to OSTA, which means that in contrast to OSTA, it may be 
1173
BFh-OsTM, a new predictive screening tool more effective in screening for OP. For a safe and noninvasive screening tool, high sensitivity (a high ratio of true positives to false positives) is more important than high specificity because there is no risk of harm to the patient from unnecessary treatment or invasive diagnostic testing in the case of a false-positive result from the BFH-OSTM. Our study also suggests that the simple tool may even identify a subset of high-risk men who may be eligible for treatment even if BMD has not been measured. Of course, specificity also should be contained at reasonable levels to reduce unessential testing and the associated costs to the patient and community. The optimal value for BFH-OSTM of 70 was defined in this data set by optimizing the sensitivity and specificity. However, it will be significant to validate this cutoff in additional data sets. It will also be important to see if the BFH-OSTM accurately identifies men with OP in populations other than Han Chinese elderly male. In general, BFH-OSTM was modestly superior to OSTA, with an AUC of 0.795, and the difference was statistically significant (P,0.05).
This study was community-based and cross-sectional but not retrospective, which distinguished it from previous studies. The statistics were obtained simultaneously with the BMD measurement. Furthermore, the inclusion and exclusion criteria strictly excluded the effects of secondary OP, nationality, and any antiresorptives or anabolic medications. All the subjects were long-term residents of Beijing, and the subjects were enrolled consecutively. Besides, this analysis, which proposed a new method for identifying OP based on the WHO diagnostic classification (T-score #-2.5 at the femoral neck, total hip, or lumbar spine) for patients needing treatment.
Limitations
Similar to other studies, the present study is limited by the following conditions. First, there was a bias in the subject selection, as all the subjects were recruited from the community health service center and hospital clinic population. So, the study population might not fully represent the actual demographic situation in Beijing, which could impact the generalizability of these data. Second, self-selection of participants biased our population sample toward higher levels of education and income, which should be confirmed in other cohorts. Third, this new tool had not yet been demonstrated to predict fractures. Therefore, further investigation should be performed in a larger scale.
Conclusion
In conclusion, our study developed a new OP self-assessment tool (BFH-OSTM), which may be a simple and effective prescreening tool for identifying elderly male at increased risk for OP.
